Introduction
============

Established chronic pancreatitis (CP) is marked by irreversible structural and functional changes and is readily diagnosed by imaging or functional testing.^[@bib1]^ Early or "minimal change" chronic pancreatitis (MCCP) is a controversial entity because there is no diagnostic method that clearly identifies patients with early forms of CP. Patients with suspected MCCP often have non-diagnostic cross-sectional imaging of the pancreas and normal pancreatic function testing. Endoscopic ultrasound (EUS) frequently shows abnormalities in patients with suspected MCCP, but the significance of these findings is debated.^[@bib2]^

Induction of the cyclooxygenase-2 (COX-2) enzyme increases production of prostaglandin E2 (PGE2) at sites of inflammation. COX-2 is overexpressed in pancreatic acini and ducts of patients with chronic pancreatitis.^[@bib3],\ [@bib4]^ PGE2 is a potent inflammatory mediator and also regulates pancreatic stellate cell profibrotic activity.^[@bib5]^ In a rat model propagation of pancreatic inflammation is COX-2 dependent,^[@bib6]^ and COX-2 inhibition inhibits pancreatic inflammation and fibrosis.^[@bib7]^

We hypothesized that pancreatic juice (PJ) PGE2 concentrations would be elevated in patients with CP, and measured PJ PGE2 in both CP and MCCP to better understand the pathophysiology of chronic pancreatitis and to evaluate a potential biomarker for early disease.

Methods
=======

Under approved IRB protocols we prospectively enrolled 27 participants at Mayo Clinic Rochester (MCR) and 18 participants at Brigham and Women\'s Hospital (BWH) between July 2009 and March 2012. Each participant was assigned to one of three groups (normal, MCCP, or CP). Normal participants were volunteers with no history of pancreatitis, abdominal pain, or diabetes. The CP group had definite chronic pancreatitis by the M-ANNHEIM criteria,^[@bib8]^ with moderate-to-marked ductal changes of CP on cross-sectional imaging (contrast-enhanced computed tomography (CECT), magnetic resonance imaging (MRI), or magnetic resonance cholangiopancreatography (MRCP)). The MCCP group had normal or equivocal pancreatic CECT, MRI, or MRCP findings, but met criteria in one or more of the following domains: (A) ≥1 clinical risk factor for chronic pancreatitis (≥1 attack of unexplained acute pancreatitis documented biochemically or by cross-sectional imaging, history of heavy alcohol consumption (\>10 drinks per week for at least 5 years), or family history of pancreatitis),^[@bib9]^ (B) ≥3 of 9 EUS standard criteria of CP, or (C) peak PJ bicarbonate concentration \<80 mEq/l. Steatorrhea was deemed present if either qualitative or quantitative fecal fat determination was abnormal.

All participants underwent an endoscopic pancreatic function test as previously described.^[@bib10]^ In brief, PJ samples were suctioned from the lumen of the second portion of duodenum through an endoscope 30 to 45 min after administration of intravenous secretin 0.2 mcg/kg (ChiRhoStim, ChiRhoClin, Burtonsville, MD, USA). All samples were immediately placed on ice. An aliquot was assayed for bicarbonate concentration by an autoanalyzer.^[@bib11]^ The remainder was frozen at −80 °C within 30 min of collection and batch-tested for PGE2 and lipase.

For PGE2 assays samples were thawed and centrifuged at 10,000 *g* for 5 min at 4 °C. Supernatants (500 μL) were diluted with enzyme immunoassay buffer (EIA kit Cat No. 514010, Cayman Chemical, Ann Arbor, MI, USA) and the samples were assayed at 1/1 (no dilution), 1/10, and 1/50 dilutions. The enzyme immunoassay is based on a competition between PGE2 and PGE2 acetyl cholinesterase (AChE) conjugate (PGE2 Tracer) for a limited amount of PGE2 monoclonal antibody after 18 h of incubation at 4 °C. Two hundred microliters of Ellman\'s reagent was used as the substrate for AChE. The proportion of the bound tracer was determined spectroscopically, and the concentration of PGE~2~ was determined using optimized standard curves from known concentrations. The product of this enzymatic reaction is determined using absorbance measured by a spectrophotometer. The least dilution yielding a result within the linear portion of the standard curves was considered most reliable, and was multiplied by the appropriate dilution factor to yield a final result.

Personnel blinded to the group assignment of subjects conducted all laboratory assays. Acute pancreatitis was defined as compatible acute symptoms with a ≥3-fold elevation of serum amylase or lipase above the upper limit of normal, and/or cross-sectional imaging evidence of pancreatic inflammation. We used Wilcoxon/Kruskal--Wallis tests to compare PGE2 levels among groups, multivariate linear regression analyses to adjust for potential confounders, and logistic regression analysis to generate receiver operator curves (ROC) and calculate area under the receiver operator curve (AUROC). For ROC analysis we used a binary PJ PGE2 cutoff of 300 pg/ml as this maximized sensitivity and specificity for detecting MCCP. All analyses were performed using SAS version 9.2 software (SAS Institute, Cary, NC, USA). Graphing was performed using JMP software (version 8; SAS Institute, Cary, NC, USA).

Results
=======

Demographic and clinical data are shown in [Table 1](#tbl1){ref-type="table"}. Among the CP group all had moderate or marked changes of CP on cross-sectional imaging studies, five had pancreatic calcifications on plain radiography or CT, and eight had a peak PJ bicarbonate concentration \<80 mEq/l.

Of the 25 patients in the MCCP group, 6 had equivocal to mild changes of CP on CECT (2), MRI/MRCP (2), or pancreatography (2), including 3 with varying degrees of pancreatic atrophy. Eleven of the 25 had a history of idiopathic acute pancreatitis (median 5 episodes), 9 had a history of heavy alcohol consumption, and 1 had a family history of pancreatitis. Seven of the 25 had a peak PJ bicarbonate concentration \<80 mEq/l, and 23 had ≥3 EUS criteria of CP. Five MCCP patients had clinical risk factors, EUS findings, and endoscopic pancreatic function test abnormalities consistent with MCCP; 15 met criteria in 2 of these three areas; and 5 met criteria in one area. EUS was the sole criterion for diagnosis of MCCP in three patients.

[Figure 1](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"} show pancreatic juice bicarbonate, PGE2, and lipase concentrations for the study groups. PJ PGE2 concentration was elevated in CP (median 307 pg/ml, IQR (249--362)) (*P*=0.001) and MCCP (median 568 pg/ml, IQR (418--854)) (*P*=0.0001) compared with healthy controls (median 104, IQR (68--206)). The association between chronic pancreatitis (both CP and MCCP) and higher PGE2 concentrations remained significant after adjusting for PJ lipase and bicarbonate concentrations, history of previous acute pancreatitis, and age (univariate *β*=0.51, *P*=0.004; multivariate *β*=0.48, *P*=0.005). After substitution of smoking for history of previous acute pancreatitis in the above multivariate model, the association between PGE2 level and chronic pancreatitis remained unchanged (univariate *P*=0.004, multivariate *P*=0.005).

In secondary analyses of the MCCP cohort, PJ PGE2 concentrations in those with previous acute pancreatitis did not significantly differ from those with no previous acute pancreatitis (median 646 vs. 535, respectively) (*P*=0.09). Among the 25 participants with MCCP, the 5 who met diagnostic criteria in all three domains (clinical, EUS, and PJ bicarbonate) had median PJ PGE2 of 442 pg/ml, the 15 who met criteria in two domains had median PJ PGE2 of 590 pg/ml, and the 5 who met criteria in only one domain had median PJ PGE2 of 525 pg/ml (*P*=0.56 for comparison between the three groups).

For diagnosis of MCCP, AUROC for bicarbonate (\<80 mEq/l) was 0.62, compared with 0.92 for PJ PGE2 (≥ 300 pg/ml). Combining PJ PGE2 and bicarbonate resulted in an AUROC for diagnosis of MCCP of 0.94. For the diagnosis of CP, AUROC for bicarbonate was 0.9, compared with 0.75 for PJ PGE2, and 1.0 for bicarbonate and PJ PGE2 combined.

Discussion
==========

In this pilot study we assessed whether the concentration of an inflammatory mediator in pancreatic juice might be a biomarker for CP and have a role in diagnosis. Because of the risks and limitations of pancreatic biopsy, the current diagnostic paradigm for CP relies on cross-sectional imaging studies for detection of well-established morphologic changes of disease, and pancreatic function tests for detection of exocrine pancreatic insufficiency.^[@bib1]^ These diagnostic methods are specific for CP but likely lack sensitivity for detection of early disease. Because chronic pancreatitis is a fibro-inflammatory process, high concentrations of inflammatory mediators might theoretically be present in pancreas juice in both early and advanced stages of disease.

Our finding of significant elevations in PJ PGE2 concentrations in MCCP and CP is biologically plausible.^[@bib6],\ [@bib7]^ The COX-2 enzyme, which produces PGE2, is overexpressed in the pancreatic ducts and acini of patients with chronic pancreatitis.^[@bib3],\ [@bib4]^ PGE2 is a potent inflammatory mediator, and also regulates pancreatic stellate cell profibrotic activity through the EP4 receptor.^[@bib5]^ The pivotal role of PGE2 in pancreatitis is supported by the finding that COX-2 inhibition prevents post-ERCP pancreatitis.^[@bib12]^

There is no consensus method of diagnosing "minimal change chronic pancreatitis". The symptom overlap with other gastrointestinal disorders and the debatable accuracy of imaging and functional tests for early disease both contribute to the uncertainty that surrounds this diagnosis, which is associated with considerable morbidity and cost.^[@bib13]^ Because the pathology of CP is characterized by fibrosis, acinar cell loss, and inflammation, pancreatic biopsy would seem to be a promising means of diagnosing early disease. However, biopsy has limited utility for diagnosis of MCCP for several reasons: there is histologic overlap between CP and age-related pancreatic fibrosis and acinar cell loss,^[@bib14],\ [@bib15]^ histologic features of CP may not be uniformly distributed in the gland, and pancreatic biopsy is prone to complications.^[@bib16]^ EUS detects subtle morphologic changes of the pancreas and may detect MCCP when other tests are normal. However, the significance of EUS findings is debated, and there is concern that EUS may "over diagnose" CP in patients with dyspepsia.^[@bib2]^ Newer imaging methods, such as EUS elastography and MR elastography, are promising but not well validated and may also have limited accuracy for early disease.^[@bib17]^

Published data support the clinical, functional, and EUS criteria we used to diagnose MCCP. Among patients with normal or equivocal cross-sectional imaging findings, those with clinical risk factors for CP have higher EUS scores for CP and lower peak pancreas juice bicarbonate and lipase concentrations than those with chronic abdominal pain alone.^[@bib9]^ Patients with chronic abdominal pain, normal cross-sectional imaging, and abnormal pancreas function test results are more likely to progress to advanced CP over time.^[@bib18]^ In histologic correlation studies performed in patients undergoing pancreatic surgery, the finding of ≥3 (of 9) standard EUS features of CP has an overall accuracy of \>80% for diagnosis of CP.^[@bib19],\ [@bib20],\ [@bib21]^ However, these histology studies mainly included patients with CP (not MCCP), and there is only moderate interobserver agreement for EUS interpretation.^[@bib22],\ [@bib23]^ Currently MCCP is best diagnosed by taking clinical risk factors, PFT results, and EUS into account.^[@bib9]^

The median PJ PGE2 concentration was higher in our MCCP group than in our CP group, suggesting that most of our MCCP patients had active pancreatic inflammation at the time of pancreas juice collection. It is unclear why PJ PGE2 concentrations were higher in MCCP than that in CP. This might be due to differences in degree of glandular fibrosis or inflammation, or differences in the relative contributions of exocrine and ductal secretions to pancreatic juice. A history of recent acute pancreatitis did not account for the overall elevation of PJ PGE2 levels in participants with CP or MCCP.

Our findings suggest that PJ PGE2 concentration is a biomarker for both CP and MCCP and may be useful for diagnosis of early disease. If validated in future studies, measurement of PJ PGE2 concentration might change the diagnostic paradigm for CP by adding detection of pancreatic inflammation to the current diagnostic tests, which detect morphologic and functional changes. Accurate detection of MCCP is important because invasive therapies are increasingly advocated for this condition. Early diagnosis might also provide opportunities to delay or interrupt the fibro-inflammatory process before non-reversible structural and functional changes occur.

Strengths of this study include its multicenter design comparing three well-defined groups separated by clear and established criteria that included clinical, structural, and functional pancreatic assessments. Limitations include a small sample size and lack of long-term follow-up of MCCP participants. Although age was not a significant determinant of PJ PGE2 concentration in multivariable analysis, the limited age range of our normal controls limits the utility of multivariable analysis. In addition, NSAID use was more common among CP and MCCP patients than normal controls (potentially biasing our results toward the null hypothesis), and we did not collect details of NSAID type and dose. Finally, we did not study important disease control groups such as patients with functional dyspepsia or healthy volunteers with a history of previous acute pancreatitis. For these reasons our findings require validation.

We conclude that PJ PGE2 concentrations are elevated in CP and MCCP. PJ PGE2 concentration may be useful diagnostically. In addition, our findings support the concept that COX-2 inhibition might modify disease progression at early stages.^[@bib7]^

Study Highlights
================
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###### Comparison of the three groups

                                                                                                                   **Normal (*****N*****=10)**   **MCCP (*****N*****=25)**   **CP (*****N*****=10)**  ***P*** **value**
  --------------------------------------------------------------------------------------------------------------- ----------------------------- --------------------------- ------------------------- ---------------------------
  Age (years) (mean, s.d.)                                                                                                   29 (6)                       44 (16)                    52 (15)          0.002
  Female (%)                                                                                                                   50%                          36%                        60%            0.4
  Race                                                                                                                                                                                                
   White                                                                                                                        9                           23                          9             0.97
   None-white                                                                                                                   1                            2                          1              
   BMI (kg/m^2^) (mean, s.d.)                                                                                               24 (3.6)                      27 (6)                    27 (5.9)          0.33
                                                                                                                                                                                                       
  Smoking[a](#t1-fn2){ref-type="fn"}                                                                                                                                                                  
   Never                                                                                                                    10 (100%)                    12 (48%)                    4 (40%)          0.04
   Prior                                                                                                                        0                         6 (24%)                    2 (20%)           
   Current                                                                                                                      0                         7 (28%)                    4 (40%)           
                                                                                                                                                                                                       
  EtOH use[b](#t1-fn3){ref-type="fn"}                                                                                                                                                                 
   No                                                                                                                       10 (100%)                    16 (64%)                    6 (60%)          0.07
   Yes                                                                                                                          0                         9 (36%)                    4 (40%)           
                                                                                                                                                                                                       
  Diabetes (%)                                                                                                                  0                           12%                        20%            0.28
                                                                                                                                                                                                       
  NSAID use[c](#t1-fn4){ref-type="fn"}                                                                                                                                                                
   No                                                                                                                        9 (90%)                     17 (68%)                    6 (60%)          0.29
   Yes                                                                                                                       1 (10%)                      8 (32%)                    4 (40%)           
                                                                                                                                                                                                       
  History of acute pancreatitis                                                                                             0/10 (0%)                   11/25 (44%)                5/10 (50%)         0.03
   Number of episodes (median, range)                                                                                          ---                       5 (1--12)                 2.5 (1--5)          
   Months between last attack and pancreatic juice collection (median, range)                                                  ---                       3 (1--72)                 3.5 (1--42)         
                                                                                                                                                                                                       
  Chronic pain                                                                                                                  0                        17 (68%)                    7 (70%)          0.001
  Steatorrhea                                                                                                                   0                         4 (16%)                      ---             
  Family history of pancreatitis                                                                                                0                         1 (4%)                     1 (10%)          0.55
                                                                                                                                                                                                       
  Genetic abnormality                                                                                                      Not tested                     3 (12%)                       0              
   CFTR                                                                                                                                                      0                          0              
   SPINK-1                                                                                                                                                2 (8%)                        0              
   PRSS-1                                                                                                                                                 1 (4%)                        0              
                                                                                                                                                                                                       
  Number of standard EUS criteria[d](#t1-fn5){ref-type="fn"} of chronic pancreatitis (mean, s.d.)                              ---                        3.5 (1)                    4 (1.4)          0.2 (between MCCP and CP)
  M-ANNHEIM(8)[a,](#t1-fn2){ref-type="fn"}[e](#t1-fn6){ref-type="fn"} CT/MRCP criteria for chronic pancreatitis                                                                                        
   Normal                                                                                                                   10 (100%)                    22 (88%)                       0             \<0.001
   Equivocal                                                                                                                                              2 (8%)                        0              
   Mild                                                                                                                                                   1 (4%)                        0              
   Moderate                                                                                                                                                  0                       2 (20%)           
   Marked                                                                                                                                                    0                       8 (80%)           
                                                                                                                                                                                                       
  Pancreatic juice lipase (U/I) (median, IQR)                                                                        11,924 (3,850--25,465)       43,230 (10,142--61,182)    27,742 (2,468--48,455)   \<0.001
  Pancreatic juice Bicarbonate (mEq/l) (median, IQR)                                                                     103.5 (94--105)               93 (75--108)                58 (42--68)        \<0.001
  Pancreatic juice PGE2 (pg/ml) (median, IQR)                                                                             104 (68--206)               568 (418--854)             307 (249--362)       0.001

Abbreviations: CP, chronic pancreatitis; IQR, interquartile range; MCCP, "minimal change" chronic pancreatitis.

Smoking: categorical variable with never-smoker defined as no current or previous history of smoking, prior smoker as quitting smoking ≥5 years previously, and current smoker as smoking within 5 years of PJ collection.

ETOH: binary variable for ethanol use, defined as regular ethanol use within 3 years of PJ collection.

NSAID use: binary variable with NSAIDs use defined as any use of aspirin, NSAIDs or Cox-2 inhibitors within 3 months of PJ collection.

Standard EUS criteria: continuous variable of the number of 9 standard EUS criteria of chronic pancreatitis present.

M-ANNHEIM: new international classification of chronic pancreatitis.
